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Two-Dimensional Resistivity Investigation 
Along West Fork Trinity River, Naval Air 
Station-Joint Reserve Base Carswell 
Field, Fort Worth, Texas, October 2004

By Sachin D. Shah and Gregory P. Stanton

Abstract

Naval Air Station-Joint Reserve Base Carswell Field 
(NAS–JRB) at Fort Worth, Tex., constitutes a government-
owned, contractor-operated facility that has been in operation 
since 1942. Contaminants, primarily volatile organic com-
pounds and metals, have entered the ground-water-flow system 
through leakage from waste-disposal sites and manufacturing 
processes. Ground water flows from west to east toward the 
West Fork Trinity River. During October 2004, the U.S. Geo-
logical Survey conducted a two-dimensional (2D) resistivity 
investigation at a site along the West Fork Trinity River at the 
eastern boundary of NAS–JRB to characterize the distribution 
of subsurface resistivity. Five 2D resistivity profiles were col-
lected, which ranged from 500 to 750 feet long and extended to 
a depth of 25 feet. The Goodland Limestone and the underlying 
Walnut Formation form a confining unit that underlies the allu-
vial aquifer. The top of this confining unit is the top of bedrock 
at NAS–JRB. The bedrock confining unit is the zone of interest 
because of the potential for contaminated ground water to enter 
the West Fork Trinity River through saturated bedrock. The 
study involved a capacitively-coupled resistivity survey and 
inverse modeling to obtain true or actual resistivity from appar-
ent resistivity. The apparent resistivity was processed using an 
inverse modeling software program. The results of this program 
were used to generate distributions (images) of actual resistivity 
referred to as inverted sections or profiles. The images along the 
five profiles show a wide range of resistivity values. The two 
profiles nearest the West Fork Trinity River generally showed 
less resistivity than the three other profiles. 

Introduction

During October 2004, the U.S. Geological Survey 
(USGS), in cooperation with the U.S. Air Force, Aeronautical 

Systems Center Environmental Management Directorate 
(ASC/ENVR), conducted a two-dimensional (2D) resistivity 
investigation at the Naval Air Station-Joint Reserve Base Car-
swell Field (NAS–JRB) at Fort Worth, Tex. (fig. 1). NAS–JRB 
constitutes a government-owned, contractor-operated facility 
that has been in operation since 1942. Contaminants from the 
facility, primarily volatile organic compounds (VOCs) and met-
als, have entered the ground-water-flow system through leak-
age from waste-disposal sites (landfills and pits) and from man-
ufacturing processes (U.S. Army Corps of Engineers, 1986; 
Jacobs Engineering Group, Inc., 1993; RUST Geotech, 1995a, 
b, c, d). These contaminants are of concern to the citizens of 
Fort Worth, as well as agencies responsible for water quality 
because of the potential for VOCs to enter the West Fork Trinity 
River east of NAS–JRB.

The resistivity investigation was done to characterize the 
shallow (25 feet [ft] or less) subsurface distribution of electrical 
resistivity, which can be used to obtain the depth and distribu-
tion of saturated bedrock, at a site along the West Fork Trinity 
River at the eastern boundary of NAS–JRB. Five capacitively-
coupled resistivity profiles (lines) were collected along the 
West Fork Trinity River. The profiles range in length from 500 
to 750 ft (fig. 2) and extended to a depth of 25 ft. Natural gamma 
and induction conductivity borehole geophysical logs also were 
obtained from four wells. 

Purpose and Scope

This report describes the methods used in the 2D resistivity 
investigation along the West Fork Trinity River, NAS–JRB, 
and presents the resistivity data collected. The report documents 
the inversion results of the five capacitively-coupled resistivity 
surveys collected at the site. The data for the lines are described 
and presented graphically in the form of 2D distributions 
(images) of resistivity along the West Fork Trinity River. Bore-
hole geophysical logs of four wells at the study site also are 
documented. Following a brief description of the hydrogeology 
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Figure 1. Location of Naval Air Station-Joint Reserve Base Carswell Field (NAS–JRB), Fort Worth, Texas, and resistivity investigation 
site.
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Figure 2. Location of two-dimensional (2D) capacitively-coupled resistivity profiles and wells, NAS–JRB study site, Fort Worth, Texas.
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and contaminant history of NAS–JRB, the report explains 2D 
surface resistivity, and gamma and induction borehole geophys-
ical methods and their application to characterize shallow sub-
surface areas. Interpretation of the resistivity distributions to 
identify saturated bedrock at the site was not within the scope of 
this report. 

Description of the Study Site

The NAS–JRB study site is in the east-central part of 
NAS–JRB and mostly includes the eastern boundary of 
NAS–JRB and part of the western levee of the West Fork 
Trinity River. Land-surface altitudes range from about 585 ft 
above NAVD 88 along the southern boundary of the site to 
about 610 ft above NAVD 88. The site is drained primarily by 
the West Fork Trinity River (Shah, 2004). 

NAS–JRB opened as Tarrant Field Airdrome and was used 
to train pilots under the jurisdiction of the Gulf Coast Army 
Air Field Training Command (HydroGeoLogic, Inc., 2002). 
In 1948, the base was renamed Carswell Air Force Base, and 
the Seventh Bomber Wing became the host unit. In 1994, the 
U.S. Navy assumed responsibility for much of the facility, 
and its name was changed from Carswell Air Force Base to 
NAS–JRB.

Hydrogeologic Units and Contaminant History

Aspects of the hydrogeology beneath the facility have 
been described in several recent USGS reports (for example, 
Kuniansky and others, 1996; Shah, 2004). From oldest to 
youngest, the Cretaceous rocks that crop out near NAS–JRB are 
the Paluxy Formation, Walnut Formation, and Goodland Lime-
stone. These rocks are overlain by Quaternary alluvial deposits 
(primarily silt, clay, and gravel) and some fill material, the com-
bined thickness of which ranges from negligible to about 20 ft 
at the study site. In the subsurface of the study site, the geologic 
(stratigraphic) units and the hydrogeologic units (aquifer and 
confining unit) are coincident. 

The alluvial deposits and the Paluxy Formation constitute 
aquifers—the alluvial aquifer and the Paluxy aquifer. The 
Goodland Limestone and the underlying Walnut Formation 
together constitute a confining unit, the Goodland-Walnut 
confining unit, which separates the two aquifers. This confining 
unit forms the top of bedrock at NAS–JRB. This bedrock con-
fining unit is the zone of interest in this investigation because of 
the potential for contaminated ground water to enter the West 
Fork Trinity River through saturated bedrock; the Paluxy aqui-
fer is not considered in this report.

Alluvial Aquifer

The alluvial aquifer at the site consists primarily of clay 
and silt with sand and gravel deposits and ranges in thickness 

from about 5 to 25 ft (Shah, 2004, fig. 8). The alluvial aquifer is 
recharged locally by precipitation. A potentiometric-surface 
map constructed from data collected during fall 2002 (Shah, 
2004) indicates ground water flows generally from west to east 
(fig. 3). However, ground water moves at different rates locally 
because of the heterogeneous nature of the aquifer, which 
results in preferred flow paths in the sand and gravel channel 
deposits. Flow velocities tend to be greater in sand and gravel 
deposits than in the adjacent clay and silt (Shah, 2004). Thus, 
ground-water movement probably varies between the two gen-
eral lithologies of the alluvial aquifer.

Goodland-Walnut Confining Unit

The Goodland-Walnut confining unit directly underlies 
the alluvial aquifer and forms the top of bedrock at NAS–JRB. 
The upper part of the unit, the Goodland Limestone, consists of 
massive fossiliferous limestone interbedded with marl and shale 
(Shah, 2004). The Goodland Limestone mostly has been eroded 
at the NAS–JRB and only remnants of it overlie the Walnut For-
mation, the lower part of the confining unit. The Walnut Forma-
tion consists of clay and limestone. 

The Goodland-Walnut confining unit ranges in thickness 
from negligible to about 25 ft at the study site (Shah, 2004, 
fig. 11). The Goodland-Walnut confining unit has very low per-
meability over much of NAS–JRB.

Trichloroethene (TCE) Contamination

Several VOCs have been detected in ground-water sam-
ples from the alluvial aquifer at NAS–JRB. A VOC of principal 
concern is TCE. TCE is a dense nonaqueous-phase liquid and a 
solvent used for degreasing metal parts in the manufacture of 
airplanes (Shah, 2004). TCE was stored in a chemical process-
ing facility at the adjacent Air Force Plant 4, immediately west 
of the NAS–JRB, and entered the alluvial aquifer by leakage 
from the surface (U.S. Air Force, Aeronautical Systems Center, 
1995). Figure 4 shows the concentrations of TCE in the alluvial 
aquifer beneath NAS–JRB and indicates the extent of the TCE 
plume in October 2002 (Shah, 2004, fig. 4).

Methods of Investigation

Surface and borehole geophysical methods provide a rela-
tively quick and inexpensive means to characterize the subsur-
face (Powers and others, 1999). These geophysical methods can 
be used to measure physical properties of the subsurface such as 
electrical conductivity and resistivity, dielectric permittivity, 
magnetic permeability, density, and acoustic velocity (Keys, 
1997). These methods can be influenced by chemical and phys-
ical properties of soil, rock, and pore fluids. Interpretations from 
these measurements can be used to image the distribution of 
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Figure 3. Water-table (potentiometric surface) of the alluvial aquifer and general directions of ground-water flow, NAS–JRB, Fort 
Worth, Texas, fall 2002 (modified from Shah, 2004, fig. 3).
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Figure 4. Extent of trichloroethene (TCE) plume in the alluvial aquifer, NAS–JRB, Fort Worth, Texas, October 2002 (modified from Shah, 
2004, fig. 4).
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physical properties in the subsurface (American Society for 
Testing and Materials, 1999). 

Electrical surface geophysical methods can be used to 
detect variations in the electrical properties of the subsurface. 
The electrical properties of soil and rock are controlled by water 
content, salt content, porosity, and the presence of metallic min-
erals. Variations in the electrical properties of soils and rocks, 
either vertically or horizontally, produce variations in the elec-
trical signatures measured by surface geophysical tools. 
Changes in the received signal can be related to changes in the 
composition, extent, and physical properties of subsurface soil 
and rock, to the extent that differences in lithology or rock type 
are accompanied by differences in resistivity (U.S. Army Corps 
of Engineers, 1995).

The main objective of borehole geophysics is to obtain 
more information about the subsurface than can be obtained 
from conventional drilling, sampling, and testing (Keys, 1997). 
Geophysical logs can be interpreted in terms of lithology, thick-
ness, and continuity of aquifers and confining units. Permeabil-
ity, porosity, density, and chemical and physical properties of 
ground water also can be interpreted. Logs have unique advan-
tages over samples for monitoring in that they provide a contin-
uous vertical profile of data rather than point values (Keys, 
1997). Measurements are made by lowering different types of 
probes into a borehole; data are electronically transmitted to the 
surface and recorded in digital or analog format as a function of 
depth. 

For this report, the 2D resistivity investigation involved a 
capacitively-coupled resistivity survey (running resistivity pro-
files) and application of electrical image-processing software 
(inverse modeling) to obtain distributions of true or actual resis-

tivity from apparent resistivity (fig. 5; app. 1). True resistivity 
equals apparent resistivity only for a homogeneous, isotropic 
subsurface. To enhance the 2D resistivity data, natural gamma 
and induction conductivity data were collected in four wells 
(table 1) and used to compare borehole resistivity data with the 
surface geophysical data (app. 2). 

Capacitively-Coupled Resistivity

Capacitively-coupled resistivity measures apparent resis-
tivity of the earth using antennas in a dipole-dipole array (Geo-
metrics, 2005). The Geometrics OhmMapper TR2, a mobile 
resistivity measuring system, was used to do the resistivity sur-
vey. This system uses one transmitter dipole and two receiver 
dipoles to transmit an electrical current into the subsurface and 
back. A series of voltage measurements is made along a profile 
by towing the transmitter-receiver array with constant spacing 
between the transmitter and receivers. The transmitter-receiver 
spacing is then changed, which changes the depth of signal pen-
etration, and the array is again pulled along the same profile. 
The result is another series of measurements that correspond to 
a greater depth (Geometrics, 2005). Because voltage equals cur-
rent times resistance, when a constant current is transmitted, 
variations in the resistivity of subsurface materials alter the 
voltage received; and resistance is computed by dividing the 
voltage received by the current transmitted. The apparent resis-
tivity of the subsurface is computed by multiplying the mea-
sured resistance by a geometric correction that is determined 
from the geometry and the spacing of the array (Loke, 2004). 
Actual resistivity was obtained from apparent resistivity using 

Table 1. Well completion information for wells logged during October 2004, NAS–JRB study site, Fort Worth, Texas (U.S. Air Force, Cen-
ter for Environmental Excellence, 1997). 

[NAS–JRB, Naval Air Station-Joint Reserve Base Carswell Field; USGS, U.S. Geological Survey; NAD 83, North American Datum of 1983; LSD, land surface 
datum; NAVD 88, Nation American Vertical Datum of 1988]

NAS–JRB
well ID
(fig. 2)

USGS
site ID

Latitude 
NAD 1983
(degrees,
 minutes,
 seconds)

Longitude
NAD 1983
(degrees,
 minutes,
 seconds)

Altitude
of LSD
(feet

above
 NAVD 88)

Well
depth
(feet

below
 LSD)

Top of
Casing
(feet

above
NAVD 88)

Borehole
diameter
(inches)

Screen
length
(feet)

Screen
slot

diameter
(inches)

MW–09 324644097271901 32°46'43.5" 97°27'18.5" 560.02 29.0 561.0 4 10 0.01

MW–12 324643097271201 32°46'42.8" 97°27'11.6" 560.17 28.2 560.5 4 10 .01

WHGLTA036 324624097251201 32°46'24.1" 97°25'11.7" 555.57 16.1 556.0 4 10 .01

WHGLTA037 324623097241001 32°46'23.1" 97°25'10.1" 556.46 15.8 556.5 4 10 .01
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the 2D image-processing software Res2Dinv version 3.54 
(Loke, 2005). Res2Dinv yields 2D images of actual subsurface 
resistivity (called inverted resistivity) along the profiles tra-
versed to a depth (in this application) of 25 ft. The inverted field 
datasets were used to characterize the subsurface resistivity dis-
tribution (fig. 5; app. 1).

Borehole Geophysics

Natural gamma and induction conductivity geophysical 
logs were collected in four boreholes within the study site 
(app. 2). Natural gamma logs provide a record of total gamma 
radiation that is emitted from radioactive material in the rock 

Figure 5. Field inversion results of capacitively-coupled data (actual resistivity) at common resistivity scale for lines 1–5, NAS–JRB 
study site, Fort Worth, Texas.
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adjacent to the borehole. Shales (clays), in general, have a 
higher concentration of radioactive material and therefore a 
higher gamma response on logs. Gamma logs provide a record 
of the radioactivity of the rock near the borehole with respect 
to depth. Gamma logs primarily are used for well-to-well 
correlation and lithology identification.

Induction logs provide a record of the conductivity of the 
rock (and fluid within the rock) near the borehole with respect 
to depth (Keys, 1997). The reciprocal of conductivity is resis-
tivity and is provided in the well logs. The resistivity values pre-
sented in the well logs are in the same units as the capacitively-
coupled resistivity data.

Resistivity Profiles

The data for the resistivity profiles are described and pre-
sented graphically in the form of 2D sections that show con-
toured resistivity in gradational colors. The five resistivity sec-
tions are shown at a common resistivity scale in figure 5. 
Individual sections at unique scales to enhance variation within 
each section are in appendix 1. Gamma and induction conduc-
tivity geophysical logs are in appendix 2.

Line 1 traverses the central part of the study site, just 
northeast of well MW–12 (fig. 2). At the northwestern end 
of the line are two zones of relatively high resistivity (24 
to 38 ohm-meters [ohm-m]) that extend from about land 
surface to about 12 ft below land surface. The remainder of 
the section to the southeast shows relatively low resistivity (4 to 
12 ohm-m).

Line 2, just northwest of line 1, shows relatively high 
resistivity (25 to 85 ohm-m) over much of the section (app. 1) 
and reflects the highest resistivity of all the sections (fig. 5). 
Highest resistivity occurs in a small zone about 5 to 10 ft below 
land surface near the southeastern end of the line. 

Line 3 was positioned to collect data between wells 
MW–9 and MW–12 just south of line 1 (fig. 2). Relatively high 
resistivity (25 to 75 ohm-m) occurs in a zone about 5 to 15 ft 
below land surface near the southeastern end of the line (app. 1). 
A slightly lower resistivity (20 to 30 ohm-m) zone from about 
175 to about 300 ft from the northwestern end of the transect is 
indicated, which extends from land surface to about 15 ft below 
land surface. The induction log for well MW–9 adjacent to line 
3 shows decreasing resistivity (about 30 to about 15 ohm-m) 
from about 5 to about 10 ft below land surface and increasing 
resistivity (about 15 to about 50 ohm-m) from about 16 to 24 ft 
below land surface (app. 2). The MW–12 induction log shows 
relatively constant resistivity with depth, varying from about 50 
to 60 ohm-m. 

Line 4 is between lines 2 and 3 and the West Fork Trinity 
River (fig. 2). Generally lower resistivity is evident in line 4 
than in lines 1–3. Resistivity ranges from about 12 to about 
16 ohm-m in a zone in the center of the section (distance about 
40 to 400 ft) from about land surface to a depth of about 12 ft 
below land surface (fig. 5; app. 1). 

Line 5 is between line 2 and the West Fork Trinity River 
and is parallel to line 2 (fig. 2). As in line 4, resistivity in line 5 
generally is lower than in lines 1–3 (fig. 5; app. 1). A very small 
zone of resistivity of 25 ohm-m, highest for this section, is evi-
dent at about 250 ft within the section from land surface to about 
2 to 3 ft below land surface. Beneath this small area is the zone 
of lowest resistivity (50 ohm-m or less) in the section. A zone 
of relatively high resistivity (15 to 18 ohm-m) occurs at a dis-
tance of about 550 ft.

Summary

Naval Air Station-Joint Reserve Base Carswell Field 
(NAS–JRB) at Fort Worth, Tex., constitutes a government-
owned, contractor-operated facility that has been in operation 
since 1942. Contaminants, primarily volatile organic com-
pounds (VOCs) and metals, have entered the ground-water-
flow system through leakage from waste-disposal sites and are 
of concern to citizens and agencies responsible for water quality 
because of the potential for VOCs to enter the West Fork Trinity 
River east of NAS–JRB. During October 2004, the U.S. Geo-
logical Survey conducted a two-dimensional (2D) resistivity 
investigation to characterize the subsurface distribution of resis-
tivity at a site along the West Fork Trinity River at the eastern 
boundary of NAS–JRB. Five capacitively-coupled resistivity 
profiles were collected at the site.

Two hydrogeologic units—from land surface on down-
ward, the alluvial aquifer and the Goodland-Walnut confining 
unit—compose the subsurface of interest at the NAS–JRB 
study site. The alluvial aquifer consists primarily of clay and silt 
with sand and gravel channel deposits that might be intercon-
nected. The Goodland-Walnut confining unit directly underlies 
the alluvial aquifer and consists of limestone, marl, shale, and 
clay.

Several VOCs have been detected in ground-water 
samples from the alluvial aquifer at NAS–JRB. A VOC of 
principal concern is trichloroethene (TCE). TCE is a dense 
nonaqueous-phase liquid and a solvent that was used for 
degreasing metal parts in the manufacture of airplanes 
immediately west of NAS–JRB.

Surface geophysical methods provide a relatively quick 
and inexpensive means to characterize the subsurface. Surface 
geophysical methods measure the physical properties of the 
subsurface such as electrical conductivity and resistivity, 
dielectric permittivity, magnetic permeability, density, and 
acoustic velocity. These methods can be influenced by chemical 
and physical properties of soil, rock, and pore fluids.

The 2D resistivity investigation involved a capacitively-
coupled resistivity survey and inverse modeling to obtain true 
or actual subsurface resistivity from apparent resistivity. Natu-
ral gamma and induction conductivity geophysical logs also 
were collected from four boreholes at the site. 

The Geometrics TR2 OhmMapper, a mobile resistivity 
measuring system, was used to do the capacitively-coupled 
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resistivity survey. To estimate the true resistivity, which differs 
from apparent resistivity or the resistivity structure where 
the subsurface is heterogeneous or anisotropic, or both, the 
apparent resistivity was processed using the inverse-modeling 
software program Res2Dinv software version 3.54. The results 
from this program were used to generate 2D sections (images of 
actual resistivity) referred to as inverted resistivity sections or 
profiles. 

2D distributions (images) of resistivity along the five pro-
files (sections) show a wide range of resistivity values, from 
negligible to 85 ohm-m. The two profiles nearest the West Fork 
Trinity River generally showed less resistivity than the three 
other profiles. Maximum resistivity in the two profiles nearest 
the river was 26.5 and 25 ohm-m, whereas maximum resistivity 
in the three profiles farther from the river was 38, 75, and 85 
ohm-m. No consistent or common patterns of resistivity are 
indicated in the profiles except a tendency for the relatively 
more resistive zones to occur within the shallower parts of the 
profiles, within about 10 ft of land surface. 
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Appendix 1

Appendix 1–Field Inversion Results of Capacitively-
Coupled Data, NAS–JRB Study Site, 
Fort Worth, Texas 
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Appendix 1.1 Field inversion results of capacitively-coupled data, NAS–JRB study site, Fort Worth, Texas, line 1. 
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Appendix 1.2 Field inversion results of capacitively-coupled data, NAS–JRB study site, Fort Worth, Texas, line 2. 
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Appendix 1.3 Field inversion results of capacitively-coupled data, NAS–JRB study site, Fort Worth, Texas, line 3. 
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Appendix 1.4 Field inversion results of capacitively-coupled data, NAS–JRB study site, Fort Worth, Texas, line 4. 
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Appendix 1.5 Field inversion results of capacitively-coupled data, NAS–JRB study site, Fort Worth, Texas, line 5. 
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Appendix 2

Appendix 2—Natural Gamma and Induction 
Conductivity Borehole Geophysical Logs, 
NAS–JRB Study Site, Fort Worth, Texas 
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Appendix 2.1 Natural gamma and induction conductivity borehole geophysical logs, NAS–JRB study site, Fort Worth, Texas, well 
MW–09. 

WELL MW-09
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Appendix 2.2 Natural gamma and induction conductivity borehole geophysical logs, NAS–JRB study site, Fort Worth, Texas, well 
MW–12. 

WELL MW-12
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Appendix 2.3 Natural gamma and induction conductivity borehole geophysical logs, NAS–JRB study site, Fort Worth, Texas, well 
WHGLTA036. 

WELL WHGLTA036
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Appendix 2.4 Natural gamma and induction conductivity borehole geophysical logs, NAS–JRB study site, Fort Worth, Texas, well 
WHGLTA037. 

WELL WHGLTA037
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